INTRODUCTION {#s1}
============

Chronic kidney disease (CKD) has a high morbidity and mortality rate. More than one million people require hemodialysis and kidney transplantation annually[@r1]^)^.

CKD is defined as a slowly progressive and irreversible loss of kidney function, leading to a condition in which the kidneys are no longer able to function due to destruction of the nephrons, which reduces the ability of the body to sustain metabolic and hydroelectrolytic renal equilibrium. Kidney dysfunction is considered to occur when the glomerular filtration rate (GFR) falls below 60 ml/min/1.73 m^2^, for longer than three months, and, end stage CKD occurs when the GFR falls below 15 ml/min/1.73 m^2^. In this stage, hemodialysis (HD) is used to compensate for the reduced renal function. However, despite technological advancements, patients still have dysfunctions such as anemia, cardiomyopathy, depression, systemic arterial hypertension, metabolic and respiratory alterations, early fatigue, mental compromise, peripheral circulatory deficits, and mental and muscular alterations, thus reducing their quality of life[@r2], [@r3]^)^.

It is known that a loss of muscle mass is associated with morbidity and mortality. The quantity of muscle fibers is strongly correlated with muscle strength, muscular oxygen extraction, and functional capacity in dialysis patients[@r4]^)^.

The muscles responsible for respiration, the diaphragm and intercostal muscles, are classified as skeletal muscles and can experience decreases in endurance and strength. Other pulmonary complications in chronic renal failure (CRF) patients include pulmonary edema, pleural effusion (mainly in terminal CRF patients), fibrosis, pulmonary and pleural calcification, pulmonary hypertension, capillary and pulmonary blood flow decreases, and hypoxemia[@r5]^)^.

Therefore, patients with CKD have less physical and functional capacity than the general population, and HD treatment limits the activity of these patients, which exacerbates functional limitations[@r6]^)^.

Accordingly, physiotherapy programs have been proposed that aim not only to treat the clinical manifestations of the disease but also the adverse effects on cardiorespiratory and muscular function, the quality of life, would be enhanced by improving metabolic, physiological and psychological conditions. The literature shows that physiotherapy, during the intradialytic period and during the intermission between sessions in CRF patients produces better functional literature shows that physiotherapy, during the intradialytic period and during, the intermission between sessions in CRF capacity, blood pressure control, cardiac function, and muscular strength and resistance, in addition to being a motivational factor and providing a break from the monotony of treatment, which can be an effective psychosocial intervention. The practice of regular physical exercise decreases the prevalence of associated diseases and systemic complications[@r7]^)^.

However, there are no reports in the literature showing the superiority of any physiotherapy protocol used in patients with CKD on HD. The present study aims to compare two physiotherapy protocols applied inchronic renal patients during HD treatment.

SUBJECTS AND METHODS {#s2}
====================

All participants were informed about the experimental procedures and provided signed informed consent. This was a prospective randomized clinical study. The patients were allocated into a study group and a control group. The effects of two physiotherapy protocols were compared in patients with CKD ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Study flowchart).

The initial sample consisted of 22 patients with CKD on HD; however, two patients discontinued participation in the study. The inclusion criteria for participation consisted of the following: either gender, between 18 and 70 years old, patients at Hospital Casa de Caridade Alfenas Nossa Senhora do Perpétuo Socorro, Hemodialysis Section; HD three times per week, using a bicipital fistula for access.

Patients were excluded from the study if they had hemodynamic instability, pathologic fractures, cognitive deficits including uncoordinated use of an gadgets, uncontrolled diabetes mellitus (DM) or systemic arterial hypertension (SAH), or systemic diseases other than DM, SAH, and CKD.

All of the patients involved in the study were assisted by the same medical, nursing, and physiotherapy team.

**S**essions were conducted (three times per week, for a total of 10 sessions) for each group during dialysis treatment. The patients were informed of the evaluation procedures and physiotherapy protocols during the study.

The patients were evaluated before and after the 1st, 5th, and 10th physiotherapy sessions.

The measured variables included the following:

-Respiratory Muscle Strength. At the beginning of the measurement, individuals were instructed to maintain mouth pressure to measure the maximal expiration capacity for 1.5 s to determine the maximal inspiratory pressure (MIP); then, maximal inspiration was measured for 1.5 s to determine the maximal expiratory pressure (MEP). The measures were repeated three times, and the highest value was used.

-Expiratory Peak Flow − This was measured with a PeakFlow Meter^®^ Mini-wright Adult 3103. Expiratory, provided by the Federal University of Alfenas − MG UNIFAL. Peak flow was measured in a seated position to reduce obstruction of the upper airways. Three measurements were conducted, and the highest value was used.

-Peripheral Muscle Strength. This was measured with a hand-held hydraulic dynamometer (SAEHAN^®^-SH5001) provided by the Federal University of Alfenas − MG UNIFAL. Measurements were conducted with the patient seated, and the elbow of the arm without the fistula in 90° of flexion; the patient was asked to use maximal manual grip strength. Measurements were repeated three times, and the highest value was used.

-The respiratory frequency (RF), heart rate (HR), and systemic arterial pressure (AP) were measured before and after the physiotherapy sessions.

The physiotherapy protocols were conducted five min after the beginning of HD, with the approval of the physician and the responsible nurse on duty; the duration of the session was 40 min.

In the study group protocol, more structured and individualized procedures were conducted including motor physiotherapy with cervical mobilization (stretching, flexion, extension, lateral inclination, and rotation), upper limb (UL) exercises (shoulder, elbow, and fist flexion and extension), and lower limb (LL) exercises (flexion, extension, abduction and adduction) for 30 s for each series. Respiratory physiotherapy included exercises that utilized a Respiron^®^ inspirometer provided by the Federal University of Alfenas − MG UNIFAL, for exercises involving the,diaphragmatic respiratory pattern that were conducted in three sets of five repetitions. Metabolic exercises included dorsiflexion and plantar flexion with the patient seated. Fifteen repetitions were performed for each limb.

The protocol in the control group consisted of motor physiotherapy, including mobilization and stretching of the cervical area (flexion, extension, lateral inclination and rotation), UL (shoulder, elbow, and fist flexion and extension), and LL (flexion, extension, abduction, and adduction), all protocols were conducted in 30 s series.

The Shapiro-Wilk test was used to determine data homogeneity. Independent t-tests and Mann-Whitney tests were used to compare variables between groups before the intervention. Paired t-tests and Wilcoxon tests were used for intragroup comparisons after the 1st, 5th and 10th and session. Two-way analysis of variance (ANOVA) was used for intergroup comparisons. Pearson's test was used to determine the correlation between respiratory variables and peripheral muscle strength. Statistical significance was determined by a value of p\<0.05.

RESULTS {#s3}
=======

No significant differences were found between the groups for gender (p=0.49) and age (p=0.59). [Table 1](#tbl_001){ref-type="table"}Table 1.Pre-intervention intergroup comparison of variables.VariablesStudy groupControl groupPreinterventionPreinterventionHR (beats/min)85.1 ± 16.282.7 ± 18.973.4--96.769.1--96.2RF (times/min)20.9 ± 4.923.4 ± 8.917.3--24.417.0--29.7PO~2~S (%)95.2 ± 2.795.4 ± 2.593.2--97.193.5--97.2MIP (mmHg)61.6 ± 26.959.6 ± 20.142.3--80.845.1--74.0MEP (mmHg)78.8 ± 25.590.4 ± 26.060.5--97.071.7--109.0PEAKFLOW (ml)358.0 ± 130.1392.0 ± 132.9264.8--451.1296.8--487.1DYNAMOMETER (kg)22.4 ± 9.129.2 ± 10.815.8--28.921.4--36.9HR: Heart Rate; RF: Respiratory Frequency; PO~2~S: Peripheral Oxygen Saturation; MIP: Maximal Inspiratory Pressure; MEP: Maximal Expiratory Pressure; PeakFlow: Εxpiratory Peak Flow; Dynamometer: Peripheral Muscular Strength. shows that no significant differences were observed between the study and control groups during the pre-intervention period, thus showing that they were matched comparison groups.

[Table 2](#tbl_002){ref-type="table"}Table 2.Mean, standard deviation, and confidence intervals of the variables at the 1st, 5th, and 10th sessions for the study group (SG)SG (n=10)1st Session5th Session10th SessionBeforeAfterBeforeAfterBeforeAfterMean ± SDMean ± SDMean ± SDCICICIHR (beats/min)85.1 ± 16.277.6 ± 9.682.9 ± 12.279.6 ± 10.083.9 ± 73.476.8 ± 15.273.4--96.770.6--84.574.1--91.672.4--86.770.8--94.365.8--87.7\*RF (times/min)20.9 ± 4.919.6 ± 5.519.7 ± 5.817.9 ± 5.521.3 ± 6.619.1 ± 6.017.3--24.415.6--23.515.4--23.913.9--21.8\*16.5--26.014.7--23.4\*PO~2~S (%)95.2 ± 2.7497.2 ± 2.495.5 ± 2.097.6 ± 0.894.7 ± 3.198.0 ± 0.493.2--97.195.4--98.994.0--96.996.9--98.292.4--96.997.6--98.3\*MIP (mmH~2~O)61.6 ± 26.970.0 ± 21.073.6 ± 20.579.2 ± 22.075.6 ± 26.883.6 ± 25.742.3--80.854.9--85.058.8--88.363.4--94.9\*56.3--94.865.1--102.0\*MEP (mmH~2~O)78.8 ± 25.590.0 ± 25.5101.6 ± 21.9102.8 ± 22.9105.6 ± 18.4107.6 ± 17.7 94.9--120.660.5--97.071.7--108.2\*85.9--117.286.3--119.292.3--118.8PEAKFLOW (ml)358.0 ± 130.9400.0 ± 109.9398.0 ± 98.0413.0 ± 94.0403.0 ± 106.3421.0 ± 97.6264.8--451.1321.3--478.6\*327.8--468.1345.7--480.2326.9--479.0351.1--490.8\*DYNAMOMETER (kg)22.4 ± 9.122.6 ± 8.323.2 ± 11.723.2 ± 10.323.4 ± 11.025.2 ± 11.015.8--28.916.6--28.514.8--31.515.7--30.615.5--31.217.3--33.0\*\*p\<0.05; SD: standard deviation; CI: confidence interval; HR: Heart Rate; RF: Respiratory Frequency; PO~2~S: Peripheral Oxygen Saturation; MIP: Maximal Inspiratory Pressure; MEP: Maximal Expiratory Pressure; PeakFlow: Expiratory Peak Flow; Dynamometer: Peripheral Muscular Strength. shows significant increases (in the MEP and MIP) in the study group after the protocol, including MEP (p=0.02) and peak flow (p=0.00) relative to the 1st session; CF (p=0.01) and MIP (p=0.00) relative to the 5th session; and HR (p=0.00), RF (p=0.01), MIP (p=0.01), peak flow (p=0.04), and dynamometry (p=0.00) relative to the 10th session using the paired t-test and Wilcoxon test.

[Table 3](#tbl_003){ref-type="table"}Table 3.Mean, standard deviation and confidence intervals of the variables concerning the 1st, 5th and 10th session for the control group (CG)CG (n=10)1st session5th session10th sessionBeforeAfterBeforeAfterBeforeAfterMean ± SDMean ± SDMean ± SDCICICICF (beats/min)82.7 ± 18.978.2 ± 15.890.0 ± 13.577.7 ± 14.078.6 ± 15.478.8 ± 14.769.1--96.266.8--89.580.3--99.667.6--87.7\*67.5--89.668.2--89.3RF (times/min)23.4 ± 8.924.2 ± 7.320.2 ± 5.820.9 ± 7.420.1 ± 6.220.9 ± 3.917.0--29.718.9--29.416.0--24.315.5--26.215.6--24.518.0--23.7PO~2~S (%)95.4 ± 2.595.9 ± 2.696.1 ± 2.596.2 ± 1.596.3 ± 2.094.2 ± 2.993.5--97.294.0--97.794.3--97.895.0--97.394.8--97.792.0--96.3MIP (mmHg)59.6 ± 20.163.6 ± 29.086.4 ± 26.479.6 ± 27.386.8 ± 24.578.4 ± 25.645.1--74.042.8--84.367.4--105.360.0--99.1\*69.2--104.360.0--96.7\*MEP(mmHg)90.4 ± 26.086.4 ± 30.2104.0 ± 23.399.6 ± 24.4106.8 ± 19.0102.0 ± 22.771.7--109.064.7--108.087.3--120.682.1--117.093.1--120.485.7--118.2\*PEAKFLOW (ml)392.0 ± 132.9415.0 ± 140.2446.0 ± 116.9427.0 ± 121.2447.0 ± 118.8422.0 ± 112.3296.8--487.1314.6--515.3362.3--529.6340.2--513.7\*361.9--532.0334.4--509.5\*DYNAMOMETER (Kg)29.2 ± 10.828.2 ± 12.028.2 ± 11.026.4 ± 10.527.8 ± 9.926.8 ± 10.721.4--36.919.5--36.820.2--36.118.8--33.9\*20.6--34.919.1--34.4\*p\<0.05; SD: standard deviation; CI: confidence interval; CF: Cardiac Frequency; RF: Respiratory Frequency; PO~2~S: Peripheral oxygen saturation; MIP: Maximal Inspiratory Pressure; MEP: Maximal Expiratory Pressure; PeakFlow: Expiratory Peak Flow; Dynamometer: Peripheral Muscular Strength. shows significant decreases in the control group after the protocol period including HR (p=0.04), MIP (p=0.04), MEP (p=0.06), peak flow (p=0.04), and dynamometry (p=0.00) relative to the 5th session, and MIP (p=0.00), MEP (p=0.02) and peak flow (p=0.00) relative to the 10th session using the paired t-test and Wilcoxon test.

[Table 4](#tbl_004){ref-type="table"}Table 4.Correlation between respiratory variables and peripheral muscle strength after interventionSessionsStudy groupControl groupDynamometerDynamometerrr1stMIP0.79\*0.83\*MEP0.600.64\*PeakFlow0.74\*0.82\*5thMIP0.77\*0.90\*MEP0.81\*0.67\*PeakFlow0.64\*0.78\*10thMIP0.74\*0.83\*MEP0.77\*0.64\*PeakFlow0.65\*0.75\*\*p\<0.05; MIP: Maximal Inspiratory Pressure; MEP: Maximal Expiratory Pressure; PeakFlow: Expiratory Peak Flow; Dynamometer: Peripheral Muscular Strength., shows positive correlations between the respiratory variables MIP (p=0.00) and peak flow (p=0.01), and peripheral muscle strength at the 1st session; the MIP (p=0.00), MEP (p=0.00) and peak flow (p=0.04) at the 5th session; and the MIP (p=0.01), MEP (p=0.00), and peak flow (p=0.04) at the 10th session.

DISCUSSION {#s4}
==========

The respiratory system is affected by kidney disease and HD treatment. Alterations in the muscular respiratory, mechanical ventilatory, and pulmonary gas exchange functions are common in patients with CKD. This pulmonary dysfunction can be due to the direct effects of circulating toxins or the indirect effects of volume overload, anemia, immunosuppression, hypercalcemia, malnutrition and muscular weakness. Therefore, it is important to implement respiratory muscular training exercises during HD treatment[@r8]^)^.

The present study showed the efficacy of a motor and respiratory physiotherapy protocol, conducted during the first two hours of HD treatment. The patients in the study group showed statistically significant improvements in muscular strength in all sessions compared with the values obtained before and after physiotherapy. The expiratory peak flow was increased at the 1st and 10th sessions relative to the pre- and post-physiotherapy values. Our findings demonstrate the importance of a more individualized treatment protocol for CKD HD patients.

Consistent with the present study, another study of 28 CKD HD patients showed increases in the MIP and MEP when these measures were compared before and after physiotherapy. In this study, motor physiotherapy consisted of warm-ups, stretching, and aerobic exercises, with exercise cycles consisting of 60% of the maximal HR, as well as diaphragmatic breathing pattern exercises[@r9]^)^.

However, the control group, which received only motor physiotherapy, showed significant worsening of muscular strength at the 5th and 10th sessions. The expiratory peak flow in this group was decreased in all sessions compared to the pre- and post-physiotherapy values.

Additionally, in a non-randomized experimental study of 13 CKD HD patients, the respiratory pressure (MIP and MEP) and expiratory peak flow were measured before and after physiotherapy during HD treatment. Motor physiotherapy consisting of resistance exercises of the ULs and LLs was conducted, but it did not result in significant improvements in the MIP and MEP. However, the peak flow values were increased compared to pre- and post-physiotherapy values[@r7]^)^.

but this did not result in significant improvements in the MIP and MEP. However, the PeakFlow values were increased compared the pre and post physiotherapeutic assistance values[@r7]^)^.

The mechanisms proposed in the literature to explain decreased respiratory muscular strength result from uremic myopathy. These mechanisms include decreases in muscle mass (transverse area section, mainly type II fibers), oxidative metabolism, muscular protein synthesis, and plasma calcium concentration[@r10],[@r11],[@r12],[@r13],[@r14]^)^.

In a cross-sectional observational study comparing respiratory muscular strength (MIP and MEP) and expiratory forced flow (peak flow) in 32 CKD HD patients, with that of 30 healthy individuals, decreases in respiratory muscular strength and peak flow were observed in the patient group. These results showed that CKD HD patients exhibit respiratory muscular strength dysfunction due to the conditions of the disease and the treatment[@r5]^)^.

Another clinical study involving 15 CKD HD patients conducted inspiratory muscular training with a Threshold Loaded IMT® provided by the hospital. The training protocol used 40% of the MIP measured in the first session; however, no significant increases in MIP, MEP and expired volume were observed after training[@r15]^)^.

Another study in which the effect of a physiotherapy protocol using inspirometers in patients with pleural effusion (a condition that affects patients with CKD) was evaluated showed that at the time of admission, the parameters of the patients who received treatment with respiratory support were lower than those of patients who received only drug treatment and drainage. Moreover, radiological images showed an increase in lung expansion in the intervention group compared to the control group[@r16]^)^.

Therefore, the present study shows that motor and respiratory physiotherapy can minimize the effects of uremic myopathy, and can improve pulmonary and muscular function and general clinical status.

According to some authors, HD promotes systemic degradation of muscles and proteins. The general muscular weakness observed in patients who undergo treatment predominately affects the lower limbs and proximal musculature. The skeletal muscular system demonstrates the most changes, including decreased physical capacity and reduced aerobic activity, in addition to decreased peripheral muscular strength[@r17],[@r18],[@r19],[@r20],[@r21]^)^.

Studies have shown that stretching exercises are beneficial because they restore muscular physiological length and elasticity, which can be very helpful for reducing the incidence of cramps and minimizing the loss of muscle mass, in addition to promoting the necessary strength for the individual to perform his or her daily activities[@r6],[@r7],[@r8]^)^.

Peripheral muscular and grip strength are important measures used to evaluate global muscular function. HD patients show compromised structural and muscular function, manifested by atrophy and decreased proximal muscular strength[@r22],[@r23],[@r24],[@r25]^)^.

A study of 43 patients undergoing HD treatment evaluated grip pressure strength, using a dynamometer, before and after dialysis; the study determined that patients showed a distinct loss of peripheral muscular strength[@r26]^)^.

The present study showed an increase in peripheral muscular strength, which was measured by the analog manual grip pressure in the ULs using a dynamometry device at the 10th session in the study group, indicating that the proposed exercise protocol was effective in increasing muscular strength.

The control group showed decreased peripheral muscular strength in all sessions; however, a significant difference was only observed at the 5th session.

A study conducted on 13 CKD HD patients assessed peripheral muscular strength by measuring manual grip in the upper limbs, with a dynamometer before and after physiotherapy. The study used a protocol involving resistance exercises of the ULs and LLs for 24 sessions over two months that were applied during the first two hours of HD. The results indicated worsening of the dynamometry values after physiotherapy, but no significant difference was observed[@r7]^)^.

One of the factors that possibly contributed to the improvement of peripheral muscular strength was the implementation of combined respiratory and motor physiotherapy. Increases in peripheral muscle and respiratory muscular strength (MIP and MEP) were observed, indicating that motor and respiratory exercises contributed to increasing global muscular strength.

The author would like to acknowledge the fellowship awarded to the institution (PIBICT/FAPEMIG) and the physicians and nurses of the Hemodialysis Sector of Casa da Caridade Alfenas Nossa Senhora do Perpétuo Socorro.
